In this method, the incident beam is totally externally reflected from a surface or substrate, followed by small-angle scattering of the refracted (evanescent) beam by the surface region. As one example, GISAXS can provide size information on islands associated with film growth. The technique is described, along with examples from studies of Au on glass, and lnAs on silicon. In contrast to TEM this technique is nondestructive, can be done in situ, provides excellent sampling, does not necessarily require synchrotron radiation, and is not limited to thin or conducting substrates.
INTRODUCTION
The basic experimental arrangement, first discussed in 1988 [I] , is illustrated in Fig.  1 . Because x-rays have an index of refraction slightly less than unity, there is total external reflection, at low angles of incidence (a few mrad). As well as the reflected beam, there is a refracted beam which at the critical angle for reflection, travels along the surface and penetrates only a few tens of Angstroms, Fig. 2 : for this reason it is referred to as an evanescent wave. This evanescent wave can act as a source for diffraction from near surface regions, as first demonstrated by Marra, Eisenberger and Cho in 1979 [2] , for wideangle diffraction from planes perpendicular to a film surface.
This surface wave can be a source for small angle scattering and is particularly useful for parameterizing islands in thin film growth. In this paper, after discussing some special features of this method, we give examples of Au islands on glass, and lnAs forming on Si. For further details, see references [3-51. The method was actually discovered about the same time as our group by Naudon and coworkers [6] . Their use was to examine clustering near surfaces, as compared to the bulk.
The Technique
The experimental arrangement, using a position sensitive detector, is illustrated in Fig. 3 , where it is seen that the detector is carefully positioned to avoid the reflection and beam spillover. If we take as an example, Au islands (= 24A in radius) on glass, Fig. 4 illustrates the measured reflectivity (points) and those calculated (solid line), and similarly for the refracted wave, Fig. 5 . It is clear that both the islands and the glass contribute, but as the islands are only -24A thick in this case and there is only 40% coverage, the refracted wave from the Au passes along the glass as well. Gold on Glass I4.51.
Typical patterns are given in Fig. 7 for average film thicknesses of 5, 9 and 13 A. At these coverages (up to 40%) there is strong interparticle interference in the scattering, and there is no Guinier region. Nevertheless, the Porod radius (or the surface to volume ratio) can be determined, and from the peak in the scattering, the interparticle distance. Size comparisons with TEM reveal that the particles are hemispherical and from fractal analysis they are smooth.
The patterns are actually two dimensional. Fig. 8 is a digitized film of the pattern, on one side of the direct beam, and above the sample. From the data normal to the film the size in that direction may also be determined and such results indicated that the particles are slightly flattened. Topographic map of two-didifferent average thicknesses; scattering from mensional GISAXS pattern from Au islands. clean glass included for reference.
In ref. 4 , kinetic data were taken during deposition (in a UHV environment), and in situ, after annealing for various times and temperatures. The particles grew in size and decreased in number by soft impingement, diffusion-limited mobile island growth [4] . The activation energy and diffusion coefficient for the process are of the same magnitude as values for single-atom surface diffusion. Coarsening models (which predict a power law dependence on time, t"") are not adequate. lnAs on Si (5) As another example, lnAs films were prepared in UHV by C. H. Choi [7] , using low energy ion beam bombardment assisted molecular beam epitaxy. Sample 1 contains 30 monolayers of InAs, 2 has 16, and 3, 15. For No. 1 the arsenic cell was at 593°K and the ion beam was 30 eV, for No. 2, 613°K and 15 eV and for No. 3, 6 1 3 "~ and 30 eV. The samples one and three have rounded islands, whereas in 2, there were facets.
The scattering patterns are shown in Fig. 9 , and the Porod plots in 
